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COMPUTER SYSTEM, ELECTRONIC 
CIRCUIT BOARD, AND CARD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a computer system, a PC 
card, and a connecting structure betWeen the PC card and the 
computer system. More particularly, the invention relates to 
a technique that is effectively applied to a connecting 
structure betWeen the PC card for Wireless LAN and an 
antenna in the computer system. 

2. Background 
Recently, as the use of the Internet or corporate intranet 

spreads, a means for connection With a communication 
netWork such as a telephone netWork or LAN (local area 
network) is becoming essential to PC (personal computer) 
users. Speci?cally, attention is focused on the Wireless 
communication technology using Wireless LAN, Which can 
make the best possible use of the portability characteristic of 
notebook PCs. Against the background of this, notebook 
PCs capable of Wireless communication Which have anten 
nas previously mounted in their housings are noW being 
received in the market. 

The notebook PC capable of Wireless communication is 
designed, for instance, so that a slit antenna (aperture 
antenna) is previously provided in its housing, for instance, 
in the rear side of a liquid crystal display panel, enabling a 
Wireless LAN card (Wireless module) to be added as an 
option When desired by the user. The optional Wireless LAN 
card provides a design that can reduce the initial price and 
?exibly to meet the user’s needs. 
A Wireless LAN card compliant With, for instance, the 

mini PCI (peripheral component interconnect) bus standard 
can be employed. The mini PCI bus standard adds an 
expansion card to the PCI bus, and it enables about a 60% 
reduction in siZe compared With the conventional PCI card 
thereby contributing to minituriZation and cost-reduction. 
Alternatively, a card compliant With the PCMCIA (personal 
computer memory card international association) standard 
may be used. 

HoWever, there is the folloWing problem for the Wireless 
module to be built in the mini PCI standard card slot. That 
is, to ef?ciently transmit a Weak radio frequency signal such 
as that of a mobile phone or Wireless LAN, the antenna and 
the Wireless module are connected by a cable, and it is 
required to establish impedance matching betWeen the 
antenna and the cable and betWeen the cable and the Wireless 
module. For the Wireless LAN, a coaxial cable is essential as 
the cable because the frequency used is in a 2.5 GHZ band. 
FIG. 6 illustrates the problem of connecting the Wireless 
module and the antenna. FIG. 6(a) is a plan vieW shoWing 
part of a Wireless module and a motherboard, and FIG. 6(b) 
shoWs a cross section of a notebook PC. Coaxial cable 101 
LED from antenna 100 is connected to the upper surface side 
of motherboard 102 by coaxial connector 103. Coaxial 
connector 103 is connected to coaxial connector 104 through 
a conductor passing through motherboard 102, and con 
nected to coaxial cable 105. The other end of coaxial cable 
105 is connected to coaxial connector 107 on card board 106 
of the Wireless module, and connected to radio frequency 
module 109 through Wiring 108. With such connection, a 
complete shield is provided betWeen the output end of the 
Wireless module and the antenna, and in addition, impedance 
matching can be provided using standard cables and con 
nectors. 
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2 
HoWever, the spatial limit alloWed by the mini PCI 

standard is 2.4 mm for the component height and 5 mm for 
the Whole card thickness. It is required to use a coaxial 
connector ful?lling such spatial limit to connect the Wireless 
module and the coaxial cable. In FIG. 6, such a condition is 
required at least for coaxial connector 107. 

In the state of the art, tWo types of connectors are knoWn 
as coaxial connectors satisfying the above spatial condition. 
One is a coaxial connector made by a cutting process, and 
the other one is a coaxial connector made by a pressing 
process. The connector made by a cutting process is char 
acteriZed by easy attachment and detachment, though it is 
expensive. The connector made by a pressing process is 
characteriZed by requiring a large mating and unmating 
force and hence a special tool for attachment or detachment, 
though it is inexpensive. 
When applying these connectors in products, loW cost is 

a large motivation for adoption. Accordingly, it is desirable 
to employ the product by pressing. HoWever, When the cable 
management as shoWn in FIG. 6 is employed, a special tool 
is required for installing the Wireless module. For the service 
of installing the Wireless module When it is shipped from the 
factory, it is necessary to distribute the special tool to 
perform the installation Work. There is a problem that a 
customer not having the special tool cannot perform the 
installation by themself in the setup at the customer’s site 
after buying a computer. 
Although it is possible to directly connect the cable to 

card board 106, bypassing motherboard 102, as shoWn in 
FIG. 7, it may be obvious that it does not lead to a solution 
of the above described problem. 
On the other hand, it is possible to transmit a radio 

frequency signal through line-type connector 110 to be 
connected to the edge terminal of card board 106, Without 
employing the cable management as in FIG. 6. HoWever, no 
consideration is usually given to impedance matching in the 
connection betWeen the card terminal and line-type connec 
tor 110, and thus there is a problem that the signal attenu 
ation (insertion loss) in the connector portion is signi?cant. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a radio 
frequency transmission technique Which realiZes, in the 
standard for expansion cards such as the existing mini PCI, 
impedance matching performance equivalent to the connec 
tion made by a coaxial connector at loW cost and With high 
Workability. 

The invention of this application is brie?y described as 
folloWs. That is, the computer system of the present inven 
tion consists of a ?rst board, a ?rst signal line formed on the 
?rst board, a plurality of ?rst ground lines formed adjacent 
the ?rst signal line, in spaced and parallel relation to each 
other, a second board, a second signal line formed on the 
second board, a plurality of second ground lines formed 
adjacent the second signal line, in spaced and parallel 
relation to each other, and a connecting structure for con 
necting the ?rst board and the second board, the connecting 
structure electrically connecting the ?rst ground lines and 
the second ground lines, and electrically connecting said 
?rst signal line and the second signal line. 
The above connecting structure has a ?rst construction in 

Which the connecting structure is a connector, Which is 
disposed on the ?rst board and has an opening into Which 
part of the second board is inserted, or a second construction 
in Which the connecting structure includes a ?rst connector 
disposed on the ?rst board, and a second connector disposed 
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on the second board and inserted into the ?rst connector, or 
a third construction in Which the connecting structure is ball 
bumps or pin terminals arranged in a grid on the second 
board. 

Further, the computer system of the present invention can 
have the ?rst signal line and the second signal line in 
multiple numbers, and the ?rst signal lines and the ?rst 
ground lines may be alternately disposed, and the second 
signal lines and the second ground lines may be alternately 
disposed. 

Further, the computer system of the present invention has 
a radio frequency module on the second board, and the 
second signal line is connected to the radio frequency 
terminal of the radio frequency module, the multiple number 
of second ground lines are connected to the ground terminals 
of the radio frequency module, and a radio frequency signal 
is transmitted through the ?rst signal line, connecting 
structure, and second signal line. 

Further, the computer system of the present invention has 
a coaxial receptacle on the ?rst board, and the central 
conductor of the coaxial receptacle is connected to the ?rst 
signal line, the outer conductors of the coaxial receptacle are 
connected to the multiple number of ?rst ground lines, and 
into the coaxial receptacle is a coaxial plug at an end of a 
coaxial cable, the other end of Which is connected to an 
antenna structure. 

Further, the coaxial receptacle and the coaxial plug are 
made by a pressing process, and the height of the ?rst board 
in the direction of the normal thereto can be made about 2.4 
mm or loWer When they are connected together. 

In accordance With the computer system of the present 
invention, the computer system does not have a coaxial 
connector on the second board provided With a radio fre 
quency module, and a radio frequency signal is transmitted 
through the connecting structure by Which the second board 
is connected to the ?rst board. This alloWs the installation of 
the second board to be easily made When shipped from the 
factory, or at the customer’s site. On the other hand, the 
transmission of the radio frequency signal through the 
connecting structure is carried out by the signal lines on the 
?rst and second boards and a multiple number of ground 
lines Which are disposed in parallel adjacent the signal lines. 
In accordance With the examination by the present inventors, 
even if the connecting structure and the signal lines, Which 
are the input and output of the connecting structure, are not 
completely shielded, impedance matching can be provided 
to the extent that there is no problem in practical use, by 
employing a coplanar structure sandWiching the signal lines 
With the ground lines. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1 is an illustration shoWing an example of the 
computer system that is an embodiment of the present 
invention; 

FIG. 2 is a diagram shoWing a state in Which the radio 
frequency plug is attached to the radio frequency receptacle, 
and the card board is attached to the line connector; 

FIG. 3 is a diagram shoWing the main part of FIG. 2 in 
more detail, in Which (a) is a plan vieW and (b) is a 
cross-sectional vieW; 

FIG. 4 is a plan vieW shoWing a further embodiment of the 
present invention; 

FIG. 5 is a diagram shoWing still a further embodiment of 
the present invention, in Which (a) is a plan vieW and (b) is 
a cross-sectional view; 
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4 
FIG. 6 is a diagram for explaining the problem involved 

in the connection of the Wireless module and the antenna; 
and 

FIG. 7 is an illustration for explaining the problem 
occurring in the connection of the Wireless module and the 
antenna. 

DETAILED DESCRIPTION OF THE 
INVENTION 

NoW, the embodiment of the present invention is 
described according to the accompanying draWings. 
HoWever, the present invention can be carried out in many 
different modes, and it should not be construed as being 
limited to the contents described in this embodiment. The 
same elements are to be assigned the same numerals 
throughout the embodiment. 

FIG. 1 is an illustration shoWing an example of the 
computer system of the present invention. The computer 
system of this embodiment is a notebook computer system. 
Computer system 1 comprises lid section 1a housing a liquid 
crystal display device, its peripheral circuit, a backlight, etc., 
and main body section 1b housing a motherboard, a 
keyboard, a hard disk drive, a CD-ROM drive, a ?oppy disk 
drive, etc. 
The housings of lid section 1a and main body section 1b 

are formed, for instance, from a resin such as ABS. In lid 
section 1a, for instance, betWeen the housing and the 
backlight, antennas 2a and 2b are disposed. Antennas 2a and 
2b are aperture antennas having a rectangular opening made 
in a conductor plate, for instance, of copper. Antennas 2a 
and 2b are arranged in the vertical and horiZontal directions, 
respectively, to accommodate vertically polariZed Waves and 
horiZontally polariZed Waves. Which antenna is selected is 
determined by sWitcher 3 according to the intensity of 
received radio Waves. Antennas 2a and 2b and sWitcher 3 are 
connected by coaxial radio frequency cable 4. Although the 
aperture antenna is exempli?ed above, the present invention 
is not limited to this. Other antennas, for instance, dipole 
antenna or folded antenna may be employed. Further, there 
is no particular necessity for disposing tWo antennas. 
SWitcher 3 is not an indispensable constituent feature of the 
present invention, though a structural example having 
sWitcher 3 has been described. Furthermore, the antennas 
can be disposed at any position. They may be disposed on 
the sides of lid section 1a, or on the sides or bottom surface 
of main body section 1b. 

Coaxial radio frequency cable 5 is connected to sWitcher 
3, and it is conducted into main body section 1b. Coaxial 
radio frequency plug 6 is connected to the other end of radio 
frequency cable 5. Motherboard 7 is provided in main body 
section 1b, and coaxial radio frequency receptacle 8 is 
disposed on the upper side of motherboard 7. Further, on the 
rear side of motherboard 7, there is arranged line connector 
9 of the type into Which the edge of card board 10 is inserted. 
Into line connector 9, part of card board 10 is inserted, as 
shoWn. 

Radio frequency cables 4 and 5 are formed With a siZe and 
material based on the standard. Radio frequency cables 4 
and 5 are desired to be as thin as possible, but any thickness 
is alloWed. The characteristic impedance of radio frequency 
cables 4 and 5 is 50 W or 75 W for instance. Although, in 
FIG. 1, it is depicted that radio frequency cable 5 is passing 
through the central portion of lid section 1a and main body 
section 1b, it may pass through any portion. For instance, it 
may pass through the hinge portion at both ends of lid 
section 1a and main body section 1b. 
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Radio frequency plug 6 and radio frequency receptacle 8 
are coaXially formed, the central conductor and outer con 
ductor are electrically connected, respectively. Further, the 
material and siZe of the dielectric betWeen the central 
conductor and the outer conductor are adjusted so that the 
characteristic impedance is 50 W or 75 W. Radio frequency 
plug 6 and radio frequency receptacle 8 are made by a 
pressing process, so they can be made at loW cost. Although 
radio frequency plug 6 needs a special tool When it is 
mounted or removed, the mounting is already performed 
When the computer system is assembled, and on the other 
hand, it is not necessary to insert or WithdraW radio fre 
quency plug 6 When the radio frequency module (card board 
10) is added. Accordingly, the addition of the radio fre 
quency module (card board 10) only requires insertion into 
connector 9 Which can be very easily carried out. Further, the 
height is 2.4 mm or loWer When radio frequency plug 6 and 
radio frequency receptacle 8 are connected together. Thus, 
high-density mounting can be realiZed. 

Elements such as a CPU, a memory device, and memory 
management chip set are mounted on motherboard 7, though 
not shoWn. 

FIG. 2 shoWs the condition that radio frequency plug 6 is 
attached to radio frequency receptacle 8 and card board 10 
is attached to line connector 9. FIG. 2(a) is a plan vieW When 
motherboard 7 is vieWed from the rear side, and FIG. 2(b) 
is a side vieW. 

As shoWn in FIG. 2, radio frequency plug 6 is attached to 
radio frequency receptacle 8 on motherboard 7, and radio 
frequency cable 5 (to be connected to the antenna) is 
connected to radio frequency plug 6. Formed on mother 
board 7 is a Wiring consisting of a metal thin ?lm such as 
copper, Which includes signal line 12 and ground lines 13. 
More Wiring is formed, though not shoWn. Signal line 12 is 
disposed so as to be sandWiched betWeen ground lines 13, as 
shoWn, and signal line 12 and ground lines 13 are disposed 
substantially in parallel With each other. Although it has been 
described above that they are disposed in parallel With each 
other, they need not be disposed geometrically parallel in the 
strict sense, and a deviation is tolerated to the eXtent that a 
short circuit does not occur betWeen them. Further, signal 
line 12 and ground lines 13 need not be accurately shaped in 
a rectangle, but they may have, for instance, a Wave, curve, 
or the like. HoWever, even in such case, it is required that 
both sides of signal line 12 be surrounded by ground lines 
13. 

Signal line 12 and ground lines 13 are connected to the 
conductors in line connector 9, and through those 
conductors, are connected to signal line 14 and ground lines 
15 on card board 10, respectively. 

Signal line 14 is disposed in a substantially parallel 
structure in Which it is sandWiched by ground lines 15, as is 
signal line 12. Further, signal line 14 and ground lines 15 
need not strictly be parallel With each other, and they may 
have a Wave, curve, or the like, as in the case of signal line 
12 and ground lines 13. Signal line 14 is connected to the 
signal output of radio frequency module 11, and ground lines 
15 are connected to the ground outputs of radio frequency 
module 11. 

FIG. 3 includes a plan vieW (a) and a cross-sectional vieW 
(b) Which shoW the main part of FIG. 2 in more detail. In line 
connector 9, conductor 16 is formed consisting of a metal, 
and through conductor 16, signal line 12 on motherboard 7 
is connected to signal line 14 on card board 10. Similarly, 
ground lines 13 on both sides of signal line 12 are connected 
through conductors 17 to ground lines 15 on both sides of 
signal line 14. 
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6 
Thus, in this embodiment, radio frequency module 11 on 

card board 10 and radio frequency receptacle 8 on mother 
board 7 are connected by signal line 12, conductor 16 of line 
connector 9, and signal line 14. And signal line 12, conduc 
tor 16, and signal line 14 are surrounded by ground lines 13, 
conductors 17, and ground lines 15. That is, the portion that 
can not be shielded by the radio frequency cable and the 
connector (plug and receptacle) forms a striped coplanar 
structure by the ground lines and the signal lines surrounded 
by the ground lines. Accordingly, the radio frequency signal 
transmitted through signal line 12, conductor 16, and signal 
line 14 is given an effective shield by ground lines 13, 
conductors 17, and ground lines 15, and the signal attenu 
ation over this section can be reduced to the eXtent alloWed 
in practical use. That is, the impedance matching can be 
eventually established in a practical range. The insertion loss 
values measured by the present inventors are described as 
folloWs. That is, in this embodiment, the insertion loss at 
2.45 GHZ Was —0.5 dB. For the purpose of comparison, the 
insertion loss Was —3.5 to —6.4 for the case in Which a 
coplanar structure like this embodiment Was not employed, 
that is, a signal line and a single ground line Were disposed 
merely in parallel With each other. It is seen that an improve 
ment of about 3 dB or more has been accomplished by this 
embodiment. 

Further, the radio frequency signal is transmitted from 
motherboard 7 through line connector 9 as described above. 
Thus, it is not needed to connect a radio frequency plug to 
card board 10, and even if a connector made by a pressing 
process is employed for the radio frequency plug and 
receptacle, the magnitude of the force for mating or unmat 
ing the plug in the installation of the card is not disadvan 
tageous. That is, by this embodiment, the card installation 
can be facilitated and the insertion loss of the signal can be 
made loWer. 

In the above embodiment, description has been made to 
an eXample of the connecting structure of the type in Which 
the edge of the card board is inserted into the line connector, 
for instance, mini PCI, but this is not any restriction. For 
eXample, a connecting structure similar to this embodiment 
can also be applied to the PCMCIA. In this case, according 
to the actual measurement by the present inventors, the 
insertion loss at 2.45 GHZ Was —1.7 dB if the above 
connecting structure Was employed, Whereas the insertion 
loss Was —4.0 dB if no coplanar structure Was employed. 
Similarly, a connecting structure similar to this embodiment 
can also be applied to the PCI. In this case, according to the 
actual measurement by the present inventors, the insertion 
loss at 2.45 GHZ Was —2.1 dB if the above connecting 
structure Was employed, Whereas the insertion loss Was —5.3 
dB if no coplanar structure Was employed. It is seen that 
improvement of 2.3 to 3.2 dB is provided by using the 
connecting structure of this embodiment. 

Although the invention made by the present inventors has 
been described according to the preferred embodiment of the 
invention, the present invention is not limited to the above 
embodiment, but it may be variously changed Without 
departing from the scope of the invention. 

For instance, as shoWn in FIG. 4, signal line 12 of 
motherboard 7 and signal line 14 of card board 10 can be 
provided in a multiple number. In this case, respective signal 
lines 12 and 14 are surrounded by ground lines 13 and 15, 
as shoWn. That is, they are alternately and repeatedly 
disposed, for instance, ground line, signal line, and ground 
line. 

Further, the present invention is not limited to the card 
board. For instance, as shoWn in FIG. 5, BGA (ball grid 
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array) board 21 having semiconductor chip 20 can be 
exempli?ed as a board corresponding to the card board. In 
the Wiring on BGA board 21, there are provided signal line 
22 and ground lines 23, and signal line 22 is arranged so as 
to be surrounded by ground lines 23 in a manner similar to 
the above embodiment. Signal line 22 and ground lines 23 
are connected to semiconductor chip 20, for instance, by 
gold bumps 24, and connected to signal line 12 and ground 
lines 13 on motherboard 7 through solder balls 25. 

Further, for instance, a notebook computer has been 
exempli?ed as the computer system in the above 
embodiment, but the present invention can also be applied to 
a desk top or toWer-type computer. Furthermore, it can be 
applied not only to a personal computer, but also to a 
Workstation and the like. Moreover, the present invention 
can be applied to a PDA (personal digital assistants) or a 
mobile phone. 

Further, a mini PCI card has been representatively exem 
pli?ed as the card board, but the present invention can also 
be applied to other cards and even to cards Which Will be 
standardiZed in the future. 

Further, in the above embodiments, description has been 
made With radio frequency mainly in a 2.4 GHZ band in 
mind, but the present invention is not limited by radio 
frequency. For instance, the present invention can be applied 
to television signals in a 100 MHZ band, radio signals for 
mobile phone in a 900 MHZ band or a 1.5 GHZ band, 
Wireless communication in a 5 GHZ band or higher fre 
quency. 

The advantage of the typical one of the inventions dis 
closed in this application is as folloWs. That is, in the 
expansion card standard of the existing mini PCI or the like, 
impedance matching performance equivalent to the connec 
tion by a coaxial connector can be provided While satisfying 
requirements for loW cost and high Workability. 
What is claimed is: 
1. An electronic circuit board comprising: 
a ?rst signal line formed on a surface of said electronic 

circuit board; 
a ?rst ground line and a second ground line formed on 

said surface, said ?rst ground line formed adjacent a 
?rst side of said ?rst signal line and said second ground 
line formed adjacent a second side of said ?rst signal 
line, said ?rst and second ground lines and said ?rst 
signal line in spaced and parallel relation to each other; 

a ?rst connector on said electronic circuit board having an 
opening to Which a portion of a second electronic 
circuit board is inserted into said ?rst connector, 
Wherein said ?rst signal line is connected to a second 
signal line on said second board through said ?rst 
connector, and said ?rst and second ground lines are 
connected to a third ground line and a fourth ground 
line respectively on the second board through said ?rst 
connector; and 

a radio frequency module on said second board, Wherein 
said second signal line is connected to a radio fre 
quency terminal of said radio frequency module, and 
said third and fourth ground lines are connected to a 
ground terminal of said radio frequency module, fur 
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ther Wherein said third and fourth ground lines are 
adjacent to a ?rst and a second side of said signal line 
respectively and coplanar With said second signal line. 

2. The electronic circuit board according to claim 1, 
Wherein said portion of said second board comprises a 
second connector. 

3. The electronic circuit board according to claim 2, 
comprising a plurality of ?rst signal lines and a plurality of 
?rst and second ground lines, Wherein said ?rst signal lines 
and said plurality of ?rst and second ground lines are 
alternately disposed. 

4. The electronic circuit board according to claim 2, 
Wherein a radio frequency signal is transmitted through said 
signal lines. 

5. The electronic circuit board according to claim 4, 
comprising a coaxial receptacle on said ?rst board, the 
central conductor of said coaxial receptacle being connected 
to said ?rst signal line, and the outer conductors of said 
coaxial receptacle being connected to said ?rst and second 
ground lines, Wherein inserted into said coaxial receptacle is 
a coaxial plug at an end of a coaxial cable, the other end of 
Which is connected to an antenna structure. 

6. The electronic circuit board according to claim 5, 
Wherein said coaxial receptacle and coaxial plug are made 
by a pressing process, and the height of said ?rst board in the 
direction of the normal thereto is about 2.4 mm or loWer 
When they are connected together. 

7. A card for connecting to a computer, comprising: 
a board including a radio frequency module; 
a signal line formed on a surface of said board; 

a ?rst ground line and a second ground line formed on 
said surface, said ?rst ground line adjacent to a ?rst side 
of said signal line and said second ground line adjacent 
to a second side of said signal line, said ?rst and second 
ground lines coplanar With said signal line, said ?rst 
and second ground lines and said signal line in spaced 
and parallel relation to each other, Wherein said signal 
line is connected to a radio frequency terminal of said 
radio frequency module, and said ?rst and second 
ground lines are connected to a ground terminal of said 
radio frequency module; and 

a ?rst connector on said board for connecting to a second 
connector disposed on a motherboard of said computer, 
Wherein said signal line on said board is connected to 
a signal line on said motherboard through said ?rst 
connector, and said ?rst and second ground lines on 
said board are connected to a third and fourth ground 
lines respectively on said motherboard through said 
?rst connector, said third and fourth ground lines are 
adjacent to a ?rst and a second side of said signal line 
on said motherboard respectively. 

8. The card according to claim 7, Wherein said ?rst 
connector comprises an edge terminal. 

9. The card according to claim 7, comprising a plurality 
of signal lines and a plurality of ?rst and second ground lines 
on said board, Wherein said plurality of signal lines and said 
plurality of ?rst and second ground lines are alternately 
disposed. 


